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Abstract 
This paper predict mechanical behaviour of complicated woven 2x2 twill fabric textile composite under compressive loads 
considering material and geometric nonlinearities along with  yarn interactions. Unit cell geometry of the 2x2 twill weave fabric 
structure was identified and its geometric model is created using TexGen geometric modelling scheme developed by the 
University of Nottingham. However the finite element analysis was carried out using commercially available software 
ABAQUS® incorporating a transversely isotropic material law. Strain energy of the developed model has been compared with 
that of the published results and shows very good agreement with the published results. Present analysis reveals the strong 
dependency of transverse-longitudinal shear (TLS) modulus is observed while characterizing the behaviour of the woven fabric 
under compression while the friction between the yarns and longitudinal stiffness was found to be less significant. The potential 
advantage of the present scheme lies in its ability which permits the textile modelling from building of textile fabric model to its 
solution including mesh generation undertaken using an integrated scripting approach thus requiring far less human time than 
traditional finite element models. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Gokaraju Rangaraju Institute of Engineering and Technology (GRIET). 
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1.  Introduction 
Textile composites generally consists of a reinforcement material (carbon, glass, etc.) in UD or fabric form 
impregnated at a pre-determined and controlled level with a resin matrix, are put to use, as they offer a 3D 
reinforcement in a single layer and provide better mechanical properties in both in-plane and transverse directions. 
 
 
* Corresponding author. Tel.: +919310687812 
E-mail address: anurag@gbu.ac.in 
 Els vier Ltd. This is an open access a ticle under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by- c-nd/3.0/).
Selection and peer review under responsibility of the Gokaraju Rangaraju Institute of Engineering and Technology (GRIET)
1144   Anurag Dixit et al. /  Procedia Materials Science  6 ( 2014 )  1143 – 1149 
These also comes under the category of advanced composites which offer high ratios of strain to failure in tension, 
compression and impact load as compared to the traditional composites, Dixit and Mali (2013). The strength and the 
stiffness of these composites depend upon both polymer matrix and fiber at the molecular scale. The uniqueness of 
textile composites lies in several weave topology and hence it can be obtained by altering the unique interlacing 
style, recurring pattern and the fraction of yarns (consist of two sets of interlaced fiber bundles also referred as tows 
aligned in warp and weft (or fill) directions) embedded within matrix. Modelling of mechanical behavior of these 
composites is extremely challenging as the mechanical properties of such composites depends upon various factors 
such as fiber orientation, fiber architecture, fiber bundles, fiber volume fraction, yarn stacking sequence, yarn 
spacing and yarn size, Dixit et.al. (2013). Numerous techniques by (Nicoletto and Riva (2004), Chaphalkar and 
Kelkar (1999), Misra et.al (2007) were adapted and many assumptions were made by several researchers (Soykasap 
2011, Walsh and Ochoa; 1996,) in the past to anticipate the mechanical behavior of these complicated woven 
composites but however they lack somewhere in terms of level of validation, accuracy and computational efficiency. 
The micromechanical modelling scale involves the study of tows, yarns, orientation and mechanical properties of 
the constituent fibers and matrix material. Current research work is intended to predict the mechanical behavior of 
2x2 twill weave composite under compressive loading keeping in mind the minimum modelling and computational 
effort. Towards this end the geometric modelling of the unit cell is done using open source codes TexGen, Sherburn 
(2010) developed at University of Nottingham (U.K.) while the analytical aspects  are taken care of with help of 
FEM based simulation software ABAQUS®. The proposed modelling route proves to be fully automated and most 
reliable. 
2. Unit Cell Geometric Model 
The unit cell which can be described as the smallest possible building block for the textile composite, such that the 
composite can be created by assembling the unit cell in all three dimensions is modeled using TexGen with the 
assumption that both the warp and weft yarns posses similar geometric and material properties. TexGen is an 
automated modelling approach and has a unique capability to export textile geometric data or file in number of 
formats which permits the simulation stages to be undertaken automatically.  The cross-section shape of yarns 
confined in the unit cell is assumed as elliptical in the present study. A T300 carbon/epoxy Sun. et al. (1998) 
composite with 2x2 twill weave fabric is chosen for investigation in the present study.  The geometric model of unit 
cell is constructed using TexGen is illustrated in Figure 1 with the description of warp and weft yarns using a 
superimposed cross-section and a centerline. The detailed concept of modelling of 2D and 3D commercial fabric 
along with the algorithms can be found in the literature by Sherburn (2007). The set of input data required for the 
modelling of unit cell are yarn spacing, yarn cross-section, yarn height and fabric thickness are depicted in Table 2. 
The size (length (l) x width (w) x thickness (t)) of the unit cell can be easily obtained and is described in Table 1.  
 
Table 1. Set of input data required for modelling (mm) 
Weave Yarn spacing     Yarn Width   Fabric Thickness (t) Warp Yarns Weft Yarns 
Twill 1 0.8 0.2 4 4 
 
 
Fig.1 Geometric model of 2x2 twill fabric unit cell 
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Table 2. Unit cell dimensions (mm) 
Weave Length (l) Width (w) Thickness (t) Volume 
Twill 4 4 0.22 3.52 
3. Finite Element Modelling 
3.1. Python scripting interface 
The process of geometrical modelling of unit cell using TexGen is further followed by the identification of 
integrated modelling approach capable of reproducing textile models within the modelling environment 
automatically. For this purpose FE package ABAQUS is chosen from the many commercially available FE packages 
as this is the most fully automated modelling route. The combination of TexGen and ABAQUS is chosen because of 
their similarity in Python scripting interfaces as the codes required for linking the above two were written by the 
researchers of University of Nottingham enabling the reproduction of textile models within a modelling environment 
automatically. Initially the geometry generated by TexGen is saved in .tg3 file format which in turn depending upon 
the nature of problem can be exported in ABAQUS Dry Fiber File environment. The fully automated python script 
has the potential to take care of contact issue between the platen, creation, submission and detailed data analysis of 
job. In the present investigation the compression of fabric unit cell was achieved by placing it between the two 
compression platens as shown in Figure 3. The lower platen was fully constrained while compression was applied in 
terms of constant displacement rate to the upper platen. The schematics of the FE model for the 2x2 twill weave unit 
cell and simulation set up is shown in Figure. 2 and 3.  
3.2. Meshing 
In the present investigation periodic boundary conditions were identified to simulate the realistic compressive nature 
of repetitive fabric unit cell. In order to capture the repeating behavior of the unit cell, tie constraints were applied to 
the node sets generated at the ends of each yarn using a master–slave surface approach. Large strain theory was used 
to consider the effect of geometrical nonlinearities. The total number of elements and the nodes involved in the 
analysis are 50000 and 54627 respectively. The model was found insensitive to further refinement of mesh. 
                                                 
Fig.2. FE Model for 2x2 twill weave unit cell   Fig.3.Simulation set-up for plain weave unit cell compression 
3.3. Contact 
In order to simulate the interactions, contact in the form of ‘surface to surface’ contact is defined between yarn 
and yarn surfaces as well as yarn and plate surfaces. Mechanical constrained formulation was selected as penalty 
Weft Yarn 
Warp Yarn 
 
P 
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contact method instead of kinematic contact in order to avoid distortion of elements. The coefficients of friction 
between yarns and yarns with platens were selected respectively as 0.3 and 0.5.   
3.4. Boundary Conditions 
In the present investigation periodic boundary conditions were identified to simulate the realistic compressive nature 
of repetitive fabric unit cell. In order to capture the repeating behavior of the unit cell, tie constraints were applied to 
the node sets generated at the ends of each yarn using a master–slave surface approach. Large strain theory was used 
to consider the effect of geometrical nonlinearities. 
4. Material Modelling  
The yarns in the present modelling scheme are considered as orthotropic solid bodies, whose longitudinal direction 
(parallel to fiber) is defined by 11 while the transverse plane is designated by the directions 22 and 33 respectively, 
characterized by a plane of isotropy at every point in the material. The 3D stiffness matrix which consists of nine 
independent constants as shown in Eq. 1 is used to define the orthotropic behavior of the yarns. 
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where E11, E22, E33, υ12, υ13, υ23, G12 G13 and G23 are Young’s moduli, Poisson’s ratios and the shear moduli of the 
yarn material, respectively. εij and σij are the microscopic strain and stress field solutions within the yarns. 
Incorporating transversely isotropic yarn behavior the material law results in the following set of equations as shown 
in Eq.2. 
E22 = E33, υ12 = υ13, G12 = G13 and                                       ܩଶଷ ൌ ாయయଶሺଵାజమయሻ    (2)     
Hence, the stiffness matrix Eq.1 reduces to five independent constants, i.e. E11, E33, υ12, υ23, G12. The two platens 
were modeled using steel properties i.e. (E = 200 GPa and υ = 0.3). The elastic properties of T300 carbon fiber yarn 
Sun et al. (1998) used in the present scheme are depicted in Table 3. 
Table 3. Material Parameters used in simulation (Moduli in GPa) (Sun et.al 1998) 
 
 
 
Due to nonlinear mechanical response of yarns the longitudinal and transverse modulus E11 and E33 respectively are 
the functions of strain ε11 and ε33. The numerical values for E11 and E33 are approximated using Equations 3 and 4. 
The value of Poisson’s ratio (υ12 and υ23) of the yarns was chosen as 0.2 on the basis of available data in the 
literature by Sadykova (1972). The value of TLS behaviour (G12= G13) depends upon the sliding of fibers relative to 
each other and hence can be obtained either from the tensile stress-strain curve or from the bending behavior of 
yarns. Due to the unavailability of yarn TLS behaviour (G12= G13) in the literature it is decided to take the values in 
the range 8.97, 30, 45, 60 and 91.85 GPa respectively in order to thoroughly examine shear effect on the overall 
mechanical behaviour of fabric compression. Rule of mixture has been used to obtain the final value as 91.85 GPa.  
The transverse shear behavior G23 of the yarns is characterized by the Eq.2. 
E11 E33 υ12  υ23 G12 G23 
220.69 13.79 0.20 0.25 8.97 4.83 
(1) 
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  ܧଵଵ ൌ ܧ௙ ௙ܸ           (3)                                                    ܧଷଷሺߝଷଷሻ ൌ ఙయయఌయయ ൌ 
ି௔ሺ௏೑బȀ௘ഄయయሻ್ା௔ሺ௏೑బሻ್
ఌయయ         (4)
Vf0 is initial fiber volume fraction while a and b are the parameters which are determined experimentally. A user-
defined material subroutine (UMAT) has been used to implement the constitutive yarn models (eq. (4) and (2)) into 
ABAQUS/Standard, an implicit finite element code. 
5. Results and Discussion 
In the present work the linear solid reduced integration elements are used with hourglass control during simulations 
in ABAQUS. As only one integration point is situated at the middle of the element an unwanted affect called hour 
glassing occurs due to reduced amount of integration points. Nevertheless it can promulgate before it is relieved and 
in order to find out whether hour glassing has been a problem during analysis the artificial strain energy in terms of 
total strain energy is observed. The strain energy which can be stated as the summation of the energies (due to yarns 
tension, compression and bending) of all elements within the unit cell,  obtained at different value of the time step 
for plain weave fabric has been compared with that of Hua Lin et al. (2008) is shown in Figure 4. The small 
variation in the results may be due to change in elements in the analysis. 
 
Fig. 4. Comparison of strain energy for plain weave unit cell compression 
 
The schematics of the simulated unit cell under compressive loading are shown in Figure 5(a, b). It can be seen that 
intensity of the stress is of higher order in the region where the compression platens have initially made contact with 
unit cell surface. Not all the portion of yarn surfaces carry same load simultaneously. These stresses are associated 
with yarn tension, yarn bending moments and the moment between the contact force and yarns. The compression 
strain energy is mainly due to the compression and bending of the yarns, however the contribution of bending of 
yarns is quiet small as compared to the yarn compression. 
 
Observations 
Figure 6(a) shows the relationship between artificial strain energy (ASE) and time at different values of the TLS 
modulus. It is observed that the liberation of ASE increases with the increase in shear modulus value. Maximum 
value of the ASE at 8.97, 30, 45, 60 and 91.85 GPa TLS were found to be 1.76, 2.89, 3.31, 3.55 and 3.80 MJ 
respectively. The corresponding percentage increase in the ASE w.r.t. the TLS value of 8.97 GPa was observed  
64.2%, 88.0%, 101.70%, 605.77% and 115.90%  respectively, the shear modulus increased 10 times while the 
increase in ASE is observed more than twice from the initial value. Large values of ASE indicate that mesh 
refinement or other changes to the mesh are necessary. 
The relationship between the external work and time at different values of the TLS has been shown in Figure.7(a). 
The maximum value of the external work at TLS values 8.97, 30, 45, 60 and 91.85 GPa is found to be 58.6, 57.1, 
56.8, 54.1 MJ respectively. There is a decrement in the value of external work with increase in the value of TLS.         
The kinetic energy of the model which can be termed as the energy of movement of the yarn particles, at different 
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value of the TLS has been shown in Figure 6(b). Due to compressive load, the kinetic energy of the compression 
platen is absorbed by the fabric yarns in the in-plane direction. 
       
    (a)                 (b) 
Fig.5. (a) Simulated Mises Stress (GPa) distribution (b) Displacement field for twill weave unit cell 
 
 
Fig.6. (a) Variation of artificial strain energy at different G12 (b) Variation of kinetic energy at different G12 
 
  
Fig.7. (a) Variation of external work at different G12 (b) Variation of viscous dissipation at different G12 
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Viscous dissipation in case of unit cell can be defined as the irreversible process in which the transformation of heat 
takes place during work done by one layer of the fabric on adjacent layers under the action of shear forces. In 
Figure7(b) it can be seen that the dissipation decreases with increase in the value of (TLS). 
6. Conclusion: 
This paper demonstrates a fully automated modelling approach using TexGen and ABAQUS for the mechanical 
modelling of 2x2 twill woven fabric unit cell under compressive loading. Instead of conducting costly experimental 
setup for such sophisticated material, finite element modelling of unit cell at mesocopic level has been 
recommended. The foremost advantage of the present model over other approaches is its ability to capture key 
characteristics of the material under compressive loading. In order to ascertain the effectiveness and the feasibility 
of the developed model the scope of altering weave pattern and yarn characteristics is facilitated. The compaction of 
the yarns dominates during the entire deformation mechanism rather than yarn bending. Transverse yarn stiffness 
and transverse–longitudinal shear behavior were found to be the governing factor behind yarn compaction while 
friction between yarns and longitudinal stiffness didn’t have any significant effect. Mechanical modelling of the 
fabric unit cell is found to extremely dependent upon some factors such as viz. yarn parameters, proper geometric 
modelling, cross-section of the yarns, yarn topology, and loading conditions. The major advantage with developed 
model lies in its ability to clearly identify and process the FE analysis in those areas where fiber volume fraction is 
not constant without any additional complexity. In the present study yarns are modeled as solid continuum body 
which has the lack of ability to predict the real deformation mechanism of yarns as the strains inside the fibers and 
fiber slipping cannot be characterize accurately. To overcome this limitation, further research is being carried out to 
by the authors to resolve these issues by replacing the continuum elements by some other element enabling to 
accurately analyze the mechanical behavior of the fabric composite at the micro-scale level. 
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